Two new naphthoquinones designated as 3α-hydroxy-2-(2-hydroxypropan-2-yl)-9α-methoxy-2,3,3α,9α-tetra-hydronaphtho[2,3-b]furan-4,9-dione (callicarpaquinone A, 1) and 5-hydroxy-2-(2-hydroxypropan-2-yl)naphtho[2,3-b]furan-4,9-dione (callicarpaquinone B, 2) were isolated from the chloroform fraction of Callicarpa maingayi. Three other known compounds, identified as avicequinone-C (3), wodeshiol (4) and paulownin (5), were reported for the first time from this species. The structure elucidation of compounds was established by comprehensive 1D and 2D NMR spectroscopic analyses as well as EIMS, UV and IR spectral data. Compounds 1 and 2 were tested in vitro for their cytotoxic activity against human breast cancer MCF-7cells. Compound 2 exhibited strong cytotoxic activity with an IC 50 value of 1.9 ± 0.2 μM, while 1 showed moderate activity with an IC 50 value of 25.0 ± 4.3 μM.
The genus Callicarpa, family Lamiaceae, comprises over 40 species, which have been used to treat various ailments, such as malaria, skin cancer, indigestion, dropsy, stomach disorders and rheumatism [1, 2] . Previous biological screening of about 14 species of Callicarpa has revealed numerous biological attributes, including antifungal, antibacterial, anti-insect growth and cytotoxic activities. A literature survey of several Callicarpa species revealed that they are a rich source of secondary metabolites, including mono-, sesqui-, di-and tri-terpenoids, as well as flavonoids, lignanoids, glycosides, phenylethanoids, phytosterols and fatty acids. Some of these isolated compounds have been shown to possess interesting biological properties, such as piscicidal [3] , cytotoxic [4] [5] [6] , neuroprotective [7] , plant growth promoting [8] , and antitubercular activities [9] .The presence of other classes of compounds, such as alkaloids and saponins, has not been well documented [1, 9] . Previous study of C. maingayi King & Gamble has led to the isolation of maingayic acid, which exhibited piscicidal activity [3] . We herein report the isolation of two new naphthoquinones, along with three other known compounds from the stem bark of this plant, and the cytotoxic activity of the two new compounds.
Compound 1 was obtained as white needles with a melting point of 203-205°C. The IR spectrum revealed the presence of hydroxyl (3488 cm -1 ), carbonyl (1700 cm -1 ), aromatic (1595 cm -1 ) and alkoxyl (1059 cm -1 ) functionalities. Its UV spectrum exhibited maximum absorptions at 298 (3.17), 252 (3.67), and 245 (3.68) nm, characteristic of the bands for a dihydronaphthoquinone moiety [10] . The HRESIMS suggested the molecular formula of C 16 H 18 O 5 , based on the [M+H + ] ion peak at m/z 307.1160 (required 307.1103). (m, H-6) and 7.66 (m, H-7)], two methylene [(δ H 2.85, dd, J = 13.5, 9.7 Hz, H-3α and δ H 2.15, dd, J = 13.5, 2.5 Hz, H-3β)], one oxymethine (δ H 4.11, dd, J = 9.7, 2.5 Hz, H-2), three methoxyl (δ H 3.08, s, 9a-OCH 3 ) and six methyl (δ H 1.49, s, H-12 and δ H 1.21, s, H-11) protons. Two signals belonging to hydroxyl protons at δ H 5.38 (1H, s, 3a-OH) and δ H 2.50 (1H, s, 10-OH) also appeared in the spectrum.
The 13 C NMR spectrum of 1 displayed 16 carbon signals, which were assigned by the DEPT spectrum to represent seven quaternary, five methine, one methylene and three methyl carbons. Two of the most downfield quaternary signals at δ C 191.8 and 190.0 were ascribed to the C-9 and C-4 carbons, respectively. The former showed HMBC correlations with the deshielded proton signal at δ H 8.07 (H-8), and the latter with the proton signal at δ H 8.06 (H-5), indicating connectivities of the respective carbons to form a phthaloyl moiety. This moiety was further supported by the base peak at m/z 217, and significant peaks at m/z 104 and 132 observed in the EIMS, which corresponded to the phthaloyl and benzoyl fragments, respectively. The HMBC spectrum revealed the correlations between the proton signal at δ H 2.15 (H-3β) with the carbons at δ C 190.0 (C-4), 107.4 (C-9a) and 84.0 (C-3a), suggesting the connectivity of C-3 to C-4 through C-3a. Furthermore, its correlation with the carbon signals at δ C 71.9 and 84.7 suggested the connectivity of the same carbon with the hydroxymethine (C-10) through oxymethine (C-2) carbons, respectively. This deduction was also supported by the correlations between the proton signal at δ H 2.85 (H-3α) with the carbons at δ C 84.7 (C-2) and 71.9 (C-10), as well as by its HH-COSY cross peak with the signal of H-2 (δ H 4.11). The two terminal methyls were deduced to be part of an isopropyl moiety, which was connected to the main furano-napththoquinone skeleton at C-2, on the basis of HMBC correlations observed between the signals of H-11 (δ H 1.49) and H-12 (δ H 1.21), with C-10 (δ C 71.9) and C-2 (δ C 84.7). The correlation displayed between H-2 proton (δ H 4.11) and C-10 carbon (δ C 71.9) further strengthened this deduction. The placement of the methoxyl was assigned at C-9α due to strong HMBC correlation observed between its proton signal at δ H 3.08 with the respective carbon at δ C 107.4. Finally, the furan ring structure was constructed by linking the un-connected C-9α carbon and the oxyl radical at C-2. This conclusion was also in agreement with the reported chemical shift of acetal carbon analogous to C-9α [11] . The H-and 13 C-NMR spectral data, as well as its HMBC and 1 H-1 H-COSY correlations are summarized in Table 1 . Following these arguments, the structure of 1 was established as 3α-hydroxy-2-(2hydroxypropan-2-yl)-10-methoxy-2,3,3α,9α-tetrahydronaphtho [2,3-b]furan-4,9-dione, and named as callicarpaquinone A.
The relative configuration of 1 was determined on the basis NOE experiments. Irradiation of the 9α-methoxyl signal (δ H 3.08) resulted in the enhancement of the H-2 signal (δ H 4.11) and irradiation of the H-2 signal resulted in the enhancement of the H-3β (δ H 2.15), indicating that all these moieties are located on the same side of the furanyl plane. Irradiation of H-3β, which enhanced the 3α-OH signal, further suggested that the latter is also located on the same side of the plane.
Compound 2 was obtained as yellow amorphous powder with a melting point of 123-125°C. The IR spectrum revealed the presence of hydroxyl (3390 cm -1 ), carbonyl (1637 cm -1 ), aromatic (1450 cm -1 ) and alkoxyl (1249 cm -1 ) functionalities. The UV spectrum showed maximum absorptions at 340 (2.32), 298 (2.96), 279 (2.74), 248 (3.56), and 205 (3.42) nm, which are consistent with the absorption of a naphthoquinone moiety [10] . The molecular formula was deduced as C 15 H 12 O 5 on the basis of its HRESIMS, which displayed the [M+H + ] peak at m/z 273.0765 (required 273.0685). The H NMR spectrum (Table 1) revealed the presence of an isopropyl side chain in the molecule by the presence of two equivalent methyl groups resonating as a singlet at δ H 1.60. In the aromatic region, two sets of signals representing three protons were present, two of which were overlapped at δ H 7.29, while the other appeared as a doublet of doublets at δ H 7.01. Thus, one of the carbons in the aromatic part of the naphthoquinone was substituted. The 13 C NMR spectrum of 2 exhibited resonances for 15 carbons, four of which are assignable to the aromatic methines. Other signals were assigned to two carbonyls, six to quaternary and one to methine carbons. Two overlapping signals at δ H 27.5 are assigned to methyls C-11 and C-12. The HMBC spectrum showed correlations between the overlapping methyl proton signals at δ H 1.60 (H-11 and H-12) and the quaternary carbons at δ C 68.4 (C-10) and 168.1 (C-2), suggesting that the isopropyl moiety is attached to the furan ring at C-2. The methine signal at δ H 6.78 (H-3), which correlated with the quaternary carbons at δ C 168.1 (C-2), 133.8 (C-3a) and 150.4 (C-9a), also showed correlation with the carbonyl carbon at δ C 181.7 (C-4), suggesting that the connectivity of the furanyl substructure to the naphthoquinone moiety occurs at C-3α and C-9α. On the basis of these spectroscopic data the structure of compound 2 is concluded to be 5-hydroxy-2-(2-hydroxypropan-2-yl)naphtho[2,3b]furan-4,9-dione, and named as callicarpaquinone B.
Three other known compounds were also isolated from this species and were identified as avicequinone-C (3), wodeshiol (4), and paulownin (5) . Their structures were confirmed by comparison of their spectral data with those of the literature [12, 13] . 
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Avicequinone-C, previously isolated from the stem bark of Avicennia alba [12] , was shown to exhibit antiproliferative, cytotoxic and antibacterial activities [10] . Wodeshiol and paulownin were previously isolated from the heartwood of Cleistanthus collinus [13] .
Callicarpaquinones-A and -B were assayed for cytotoxic activity against the MCF-7 breast cancer cell line. Callicarpaquinone B exhibited strong activity, while callicarpaquinone A was only moderately active with IC 50 values of 1.9 ± 0.2 μM, and 25.0 ± 4.3 μM., respectively. The presence of the 1,4-naphthoqunione moiety might be responsible for the cytotoxic activity of callicarpaquinone B [14] .
Experimental
General procedures: Melting points were determined using an Electrothermal 9100 hot stage melting point apparatus. Optical rotation was measured on a JASCO DIP-300 Digital Polarimeter (Tokyo, Japan). IR spectra were recorded on Perkin Elmer 100 Series FT-IR spectrometers as KBr discs, while UV spectra were obtained from an UV-1650PC Shimadzu spectrophotometer. Mass spectra were recorded using a Polaris Q (Thermo Finnigan) and HREIMS from an LTQ-Orbitrap Discovery (Thermo Finnigan) MS. 1 H-and 13 C-NMR spectra were obtained using a Varian Unity INOVA 500 MHz spectrometer, and the chemical shift (δ) in ppm were referenced to tetramethylsilane (TMS) as internal standard. 
Extraction and isolation:
The air-dried stem bark (6.50 kg) was ground to powder and macerated in 80% methanol at room temperature for 72 h and filtered. The process was repeated 3 times to obtain 62.1 g of dried crude exact. The crude extract was then fractionated consecutively from water into n-hexane, followed by chloroform (CDCl 3 ), and finally ethyl acetate (EtOAc) to give 9.6 g of n-hexane, 10 
Bioassay evaluation:
The cytotoxicity assay was conducted according to the microculture MTT 3-(4,5-dimethylthiazole-2-yl)-2,5-diphenyltetrazolium bromide) method [15] . The cells were obtained from the American Tissue Culture Collection (ATCC, USA). 
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